Introduction
As competitive dynamics compel organizations to seek alternatives for survival and growth, the innovation process is constantly changing, and new ways of developing products, processes, services, and businesses are pursued (OECD/Eurostat, 2005) . Theoretical models have been developed in the search for ways to understand how factors such as policy (Khan et al., 2016) , culture (Hogan & Coote, 2014) , and leadership (Norbom & Lopez, 2016) , for example, shape the innovation process. Also, the locus of innovation is no longer studied as restricted to internal activities. Recent literature has been focusing on how firms carry out new product development by accessing and absorbing ideas and knowledge from outside the organization, as well as outsourcing to the market some internal discoveries and achievements (Bogers et al., 2017) . It includes external relationships with other organizations such as competitors, customers, suppliers, universities, or research institutes (Nooteboom, 2008; Pittaway et al., 2004) .
The open innovation approach has already been analyzed in many large multinational knowledge-intensive companies, such as Intel (Chesbrough, 2003) , Procter & Gamble (Huston & Sakkab, 2006) , Fiat (Ciravegna & Maielli, 2011) , Sony Mobile (Munir et al., 2017) , and IBM (Dittrich et al., 2007) just to name a few. Most research on open innovation still approaches organizations and institutions in developed economies (e.g., Chesbrough, 2017; Lopez-Vega et al., 2016; Ullrich & Vladova, 2016) . However, even large firms practicing some elements of open innovation reported that they
In this article, we examine how firms in an emerging economy perform research and development (R&D) activities in regards to the concept of open innovation. Most literature on open innovation shows multinational knowledge-intensive firms with wellestablished R&D processes mainly in developed countries. Searching for management contributions for firms in emerging economies, we qualitatively analyzed two chemical firms in Southern Brazil that have different profiles and are representative samples of typical firms in the region. Our results show that firms did not fully exploit the potential benefits brought by open innovation, even when complete opening was not the main goal. The firms were similar concerning interactions with partners and stages where relationships occur. The generation of ideas was an open activity performed both by firms and by clients, and interactions with universities were getting stronger. On the other hand, intellectual property has not been used as means of profiting from innovation activities. Our main finding refers to the internal mediation of relationships with partners. R&D teams rarely contact external organizations directly; instead, they leave such interactions to other departments within their firms. Relationships with clients are mediated through technical and commercial departments, and interactions with suppliers are intermediated by the supply staff.
timreview.ca were not satisfied with their processes for managing open innovation (Chesbrough & Brunswicker, 2014) . Regarding innovation activities from emerging economies, such as China and India, open innovation has been studied in terms of patents in co-authorship with inventors from different countries (Pai et al., 2012) . In Brazil, open innovation has been studied in the aerospace industry (Dewes et al., 2010) and in a few large firms trying to structure their open innovation strategies as in the cases of Natura, the Brazilian subsidiary of IBM, and Siemens/Chemtech (Ades et al., 2013) . Given that the open innovation model was initially adopted by multinational companies -and as a consequence, most of the literature concentrates on large firms located in developed economies -and given the increasing importance of partnerships for firms in emerging economies as ways to overcome barriers to innovation as the limitation of resources, it is a valuable exercise to explore how open innovation is being performed by firms located in emerging countries. We also take into consideration the suggestion of Bogers and colleagues (2017) In this article, we draw on empirical data from case studies in two chemical firms with different profiles located in Southern Brazil. The chemical industry was chosen for being one of the most import economic sectors in that regional innovation system, and in which competitive forces are highly relevant. Globally, the chemical industry has traditionally been dependent on R&D activities to achieve competitive advantage. In fact, chemical firms were pioneers in establishing R&D departments and in performing internal research activities in the end of the 19th century (Walsh, 1984) .
The article is organized as follows. We first lay out the theoretical foundations drawing on extant work from the broadly defined "open innovation" body of literature. The literature review discusses the concepts of closed and open innovation, and three main groups of differences were selected to be used as the analytical framework for the analysis of empirical cases. Second, we present a description of the research method and the profile of the firms. Finally, the cases are cross-analyzed to discuss some contributions for studies on innovation and implications for practice.
Closed and Open Innovation
Innovation processes have been studied for a long time and many methods have been described or prescribed in the literature (Christensen, 2006; Cooper, 1994; Utterback, 1994) . Over the years, the organization of innovation activities has received extensive attention concerning how to transform an idea into a profitable product. The closed innovation model was the standard for firms in all industrial sectors until it started being challenged by a series of factors that caused the emergence of a more open manner of carrying out innovation activities (Chesbrough, 2003; Chesbrough et al., 2006) . The classical perspective, in which R&D activities are described mainly as internal processes of generating technology and products, can still be appropriated for firms that face stable environments with products of long technological cycles. However, in knowledge-intensive sectors, as in the chemical industry, for example, there are large gains from innovation and steep losses from obsolescence, and competition is best regarded as a learning race (Powell, 1998) .
Relationships with external partners are powerful for innovation because R&D is, by nature, intensive in knowledge and benefits from the interaction of many actors internal and external to the organization (Nonaka et al., 2006) . Suppliers are recognized as the best partners to know the products and processes of their clients (Brem, 2011; Hoegl & Wagner, 2005; Klioutch & Leker, 2011; Soosay et al., 2008) , and clients are considered efficient creativity resources (Gassmann et al., 2005) . Also, extensive work has been published about users (Baldwin & von Hippel, 2011; Stockstrom et al., 2016; von Hippel, 2001 ) and universities (Bruneel et al., 2010; Freitas et al., 2013; Ramos-Vielba et al., 2010) as sources of complementary knowledge for innovation.
Overall, it is possible to identify a series of differences between open and closed innovation that goes beyond the discussion of where activities occur or the origins of the knowledge required to innovate. Chesbrough and colleagues (2006) consider several differences that we can organize into three groups: knowledge flow; changes in internal practices and intellectual property; and evaluation of innovation. Although the classification and the discussion of these differences yields a comprehensive and useful set of characteristics, they are also open to criticism. Table 1 summarizes the main aspects described by Chesbrough (2003) , and several authors who follow the same line, with our own critical view about these characteristics. 
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The first group of differences relates to the knowledge flow. In the closed innovation model, useful knowledge for R&D is considered to be rare in the market because firms try to keep it within their own walls. In open innovation, useful knowledge can be broadly distributed; that is why external knowledge plays an equal role to that afforded to internal knowledge in innovation activities. Prior to the spreading of the idea of open innovation, Cohen and Levinthal (1990) affirmed that the success in the introduction of new technologies depends on the marriage between the offer of knowledge and the competence of firms to efficiently absorb new equipment, systems, and productive processes. Also, in this group of characteristics, there is the intentional flow for externalizing knowledge that found no place internally in the organization. In open innovation, internal interests of different departments of the firm compete with foreign commercial channels to negotiate a new technology. These outward channels to market must be managed as real options for the use of new technologies because they allow the firm to obtain higher profits from innovation activities. Bounded rationality, of course, is diminished when different actors participate, but it does not necessarily guarantee success in new product development. Also, the presence of asymmetry of information and previous knowledge are related to different absorptive capacities among partners (Franco et al., 2014) .
A second group of differences includes changes of internal practices in regards to the choice of projects and the use of intermediaries. Open innovation points to the emergence of intermediaries of relationships that are non-existent in closed innovation or have irrelevant roles (De Silva et al., 2017; Howells, 2006; Thomas et al., 2017) . Innovation brokers allow firms to transact, at stages previously conducted within the firm, by connecting those seeking solutions with a rather large number of potential knowledge suppliers (Kock & Gözübüyük, 2011) .
In closed innovation, the centrality of the business model acts like a filter to limit the choice of projects and investments. Projects fitting the business model are accepted, and projects that do not fit the business model are not chosen to be developed (Chesbrough et al., 2006) . This may lead to Type 1 or "false positive" errors when projects from R&D go to commercialization but end up being a failure in the market. However, when it comes to research activities, there may appear discoveries outside the business model that escape the attention of the firm. Open innovation considers that such projects should not be abandoned "on the shelf" or cancelled. The organization must search for ways to exploit them, whether that means launching them into a new market or selling the technology to another firm. These cases are called Type 2 or "false negative" errors because the idea could turn into a success for its novelty, but a firm in closed innovation does not invest in developments outside the business model. In open innovation, firms should incorporate additional processes to manage "false negatives" with the goal of exploiting their value and should identify new potential markets for these projects. A closer look at Chesbrough's arguments reveals that, previous to his work, Prahalad and Hamel (1990) presented the concept of core competences and already considered that, in a closed innovation situation, the firm is able to develop knowledge that may induce new business and new markets.
The third difference refers to intellectual property and the evaluation of innovation activities. In open innovation, intellectual property represents a new class of assets that can deliver additional revenues, and also point the way towards entry into new businesses (Chesbrough et al., 2006) . Open innovation states that the firm owning a technology and its patent may sell or license the intellectual property, thereby profiting from it.
Without protection, an innovation developed in cooperation with other organizations can present higher risks. In his studies, Chesbrough analyzes mainly the North American environment, where the intellectual property system is fully institutionalized. However, reality is different in other countries (Cassiman & Valentini, 2016) . Luoma, Paasi, and Valkokari (2010) found that a patent was an important protection method for only 30% of the 40 interviewed firms in Finland and in the Netherlands. In Brazil, the host country of our study, the culture of registering new developments is not common to most industrial sectors (Dewes et al., 2010; Etzkowitz et al., 2008) . Therefore, we believe that, in countries where there is limited practice of protecting and negotiating intellectual property, this issue may be a limitation for the complete adoption of open innovation. The evaluation of innovation activities of a firm in an open innovation environment may also consider other activities with external partners besides the use of intellectual property, such as R&D outsourcing, time for ideas to get to the market, investment in spin-offs, etc. (West & Bogers, 2017) . It is important to note that Chesbrough's arguments give little attention to transaction costs inherent to joint projects. Opportunistic behaviour, bounded rationality, and information asymmetry (RemnelandWikhamn & Knights, 2012; Williamson, 1979) 
As noted, open innovation activities offer different perspectives compared to a closed model; these differences will be analyzed in our case studies.
Research Method
This is a qualitative research study that uses multiple descriptive case studies (Eisenhardt, 1989; Eisenhardt & Graebner, 2007) . The research analyzes Brazil's Rio dos Sinos Valley, which includes around 20 cities and almost one million people. The region experienced fast economic development due to European immigrants who settled there in the 19th century and led the industrial development. Its most prosperous period was the 1970s when it became an important cluster of production and export of leather and footwear (Santos et al., 2017) . However, since the mid-1990s, competitive pressures from other parts of the world and changes in foreign exchange rates have intensified competition based on prices. We look upon this change in the economy of the region, where chemical firms -previously supplying footwear firms -had to find new paths for their survival, and innovation became crucial.
The selection of cases started considering all the chemical firms in the region -a total of 25 firms. The first criterion for narrowing the focus was to identify firms with R&D activities in the region, no matter the size of the firm. Among the remaining sample, the definition of cases considered the information provided by firms identifying open innovation activities. We followed what Seawright and Gerring (2008) call purposive selection of a representative sample. Two firms were chosen because they have distinct characteristics that enable analysis of different practices of relationships and a number of unique features particular to each firm. Companies A and B, both chemical firms, generally do not compete against one another because their product portfolios are different. The distinct features of the two case firms are described below, and their differences are summarized in Table 2: • A branch of a foreign firm in Brazil and a Brazilian firm: Company A is a multinational organization focused on the production of chemical components.
Headquartered in the Netherlands with subsidiaries in several countries, this case allows the study of the relationships among the headquarters and its international subsidiaries. Company A develops products for its local clients in Brazil and South America. Company B is a Brazilian firm, owned by a group of organizations in which each firm has a different business model and covers different stages in the value chain of the leather and footwear industry.
• A firm created from opportunity and a firm created from need: Company A opportunistically settled in Southern Brazil in 1993 to exploit the still strong manufacturing cluster of leather and footwear. Company B was established in 1969 to produce components for two footwear firms located in the Valley as a vertical integration strategy. At that time, the production of footwear in the region was strongly growing, driven by North American importers. But, there was a lack of available components for manufacturing due to the recent growth in the industry. Thus, Company B was established to fill this need for components, thereby enabling the broader vertical integration strategy. We conducted semi-structured interviews with managers and employees directly involved in innovation activities, typically across two interview sessions. We analyzed the cases based on recordings and transcripts of the interviews, which were supplemented by observations of internal meetings and documents such as internal reports, news and press releases on the firms' websites (Flick, 2002; Simons, 2009) . The combination of different sources of data aimed at improving the research validity. When analyzing the data, we used our categories of analysis organized from the literature about relationships between organizations and other concepts of open innovation (Bansal & Corley, 2011; Corley, 2012) , as summarized in Table 1 . We related the empirical data to the theoretical literature to help interpret the findings.
We began the analysis of the cases by assessing the innovation process of each firm through two intra-cases studies. The categories of analysis from Table 1 were used to identify which activities were conducted internally or externally (for the "Knowledge flow" category) to understand how each firm chooses projects to develop, if and how the firms use intermediaries during innovation activities (for the "Changes of internal practices" category), how each firm deals with intellectual property and other protection methods and how each firm assesses its R&D activities considering external partners (for the "Intellectual property and evaluation of innovation activities" category). We identified relationships with external organizations and the stages of R&D where such knowledge is sought and incorporated. Afterwards, the cross-analysis searched for complementary knowledge between the cases to open the possibility for a broad spectrum of conclusions.
Cross-Case Analysis and Discussion
First, a description of the flow of new product development considered stages of the innovation process and the internal and external relations in each step, as summarized schematically in Figures 1 and 2 . In activities with more than one partner, the stronger relationships are highlighted in bold. In some activities, internal departments are the only partners. The arrows linking Companies A and B to external partners indicate the flow of knowledge with each partner: arrows pointing to one direction indicate the origin of the knowledge used for that R&D process (knowledge from the external partner into internal R&D of the case study) while arrows pointing both ways mean that there was a knowledge exchange that would benefit both partners.
As it can be seen from Figure 1 , the amount of interactions at Company A decreases through the timeline of new product development. At the final part, the number of partners in each activity is smaller than at the beginning. Also, there are no new partners in the final stagesall relationships occur with organizations with whom the Company A has been previously connected. Figure 2 illustrates the flow of new product development activities at Company B and its internal and external relationships. New product development in the automotive industry is ruled by ISO/TS 16949 Advanced Product Quality Planning (APQP). Therefore, some activities of the flow would be equivalent to APQP steps.
The inter-case analysis showed similar and divergent aspects of the opening (or not) of R&D in both firms, as described in the sub-sections that follow.
Knowledge flow
We start by presenting the analysis of the first category from Table 1 regarding the knowledge flow with external partners:
• Relationship with clients: the firms interact with clients at the same stages, which are idea generation and final tests for the approval of new formulas. Both firms have the traditional process in which developments of new products are influenced by specific requests of customers, as described by Gassmann and colleagues (2005) . Besides, there are some differences. Company A induces the opening of the innovation process of clients by suggesting how they can prepare their future collections. To be able to do so, Company A has a team of stylists who research fashion trends in many countries. The seasonality of products for winter and summer as well as the frequent changes in fashion goods produced by clients demand that developments of components are chronologically ahead of clients' launchings. In Company B, products for the automotive industry are ruled by the international certification ISO/TS 16949. There is a formal systematic registration for relationships with clients regarding new product development.
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• Relationship with suppliers: the firms are related to their suppliers at the same stage of the innovation process, which is when new formulas are developed and tested. Also, the way of contact is similar, referring to the search for raw materials for new product development. In both firms, new product development provided inputs to suppliers in regards to new needs from clients. When Company B started the development of automotive products, it had a collaborative development with suppliers who helped to develop new formulas. The firm had parallel results from those mentioned by Hoegl and Wagner (2005) , who found that strong buyer-supplier collaborations were "positively related with efficiency (development schedule and development cost) and effectiveness (product cost and product quality) of product development projects".
• Relationship with universities and research institutes: both firms have recently begun relationships with universities and research institutes. Company A invests in the academic development of staff by sponsoring a portion of their tuition fees for master's degrees, by encouraging informal relations with university members, and by organizing staff visits to laboratories located on campus as well as visits of professors to the firm. Company A is moving closer to findings by Bruneel and colleagues (2010) , who stated that good university-industry collaboration is fostered by trust between partners, informal reciprocity and exchange, face-to-face contacts, repeated interactions, and the involvement of a wide range of interaction channels. However, Company B has a different approach. Open innovation occurs when the firm hires an external laboratory to develop part of an innovation project. Company B had tried a joint development project with a Brazilian university, but it did not achieve the expected result. Afterwards, this project was transferred to a German research institute of applied sciences. The new contract outsourced the development of a new product , thereby replacing internal R&D. Given that this development of a new product was directed toward the automotive industry, it relates to Chesbrough (2003) , who pointed to the automotive industry as one of the industries in transition between closed and open innovation. However, we can see that the transition is happening in Brazil later than in developed countries studied by the author. 
• Relationship with other units of the corporation: Company A maintains low-intensity relationships with its Dutch headquarters and with other organizations from the group. Company B does not interact with its branches for innovation. The other units of Company B's group are just production sites, located in other states of Brazil and abroad, where they are located to be closer to their clients.
• Relationship with other partners: the firms are related to external laboratories on the same stage of new product development, which is during applied research for the development of new formulations. Only Company A engaged in a relationship with competitors for the outward flow of knowledge, and it happened only once when a competitor approached Company A to negotiate a technology process. This may be a slight beginning of externalization flow of knowledge. Even so, considering the purposive outflow of knowledge to expand the markets for external use of innovation as one of the main concepts of open innovation (Chesbrough et al., 2006) , both firms do not appropriate this practice as a way of profiting from their innovation.
Changes of internal practices
The analysis of the second category from Table 1 includes the choice of new R&D projects and the use of intermediaries:
• The choice of project to be developed: at Company A, the New Product Committee is responsible for the decision about starting a new product development project or interrupting an ongoing project. It includes managers from the departments of R&D, supply, and sales of each business unit. According to the supply manager, the firm is not interested in investing in new product development in unknown fields. It operates in line with the closed innovation approach because the firm's current business model acts as a filter to choose new R&D projects (Chesbrough et al., 2006) . At Company B, the meetings involve only the researcher and the director of the business unit. The first filter to evaluate an idea for a new product development checks whether the suggestion fits the firm's business technology line. This practice complies with the closed innovation approach and fits the concept of core competences (Prahalad & Hamel, 1990) . There is no concern from both firms to manage "false negative" errors in idea evaluation.
• Intermediation: in contrast to findings in recent literature (De Silva et al., 2017; Thomas et al., 2017) , where intermediaries are external agents providing services for inter-organizational R&D projects, our research showed relationships intermediated by other departments of the firms. Relationships with external partners were not directly connected to R&D staff: relationships with suppliers occur through supply/purchasing departments in both firms. When the R&D team needs new raw materials or different components, the supply department searches for the best option among suppliers connected to the firm or with different suppliers. Problems can happen in both firms when the supply department does not find a suitable component to incorporate in R&D, because the R&D team might consider using another material if they were in charge of this search. Staff from the supply department do not have enough knowledge about new product development to choose different options for new raw materials. At the same time, interactions with clients happen mainly through technical and commercial departments. When the client requests a new product, the technical or the commercial team registers the demand and its features. Afterwards, the request is passed to the R&D department. Given that the technical staff is on the client's side, it sees needs and opportunities for new product development.
Intellectual property and evaluation of innovation activities
Finally, the third category from Table 1 analyzes intellectual property and the evaluation of innovation activities:
• The policy of the firms concerning intellectual property: Company A does not have the practice of registering the intellectual property of innovations, thus it fails to profit from any potential negotiation that might arise from it. Company B demonstrates concern about protecting innovation, as evidenced by its registration of intellectual property and publication of technical articles. Moreover, it sometimes intentionally does not register the intellectual property to maintain industrial secrecy. Patents are considered a by-product of innovation for Company B -as a way to establish ownership of the innovative products to be sold to clients. In our findings, both firms relate to the subject of intellectual property according to the closed innovation model (Chesbrough et al., 2006) , and we confirm findings by Dewes and colleagues (2010) , who point to the need for well-defined patenting policies in Brazilian firms.
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• Evaluation of innovation activities: both firms assess their innovation activities in line with a closed innovation approach (Chesbrough et al., 2006) , because innovation is not measured with consideration given to open innovation practices such as external contributions to the R&D of the firm, investments in spin-offs, licensing of intellectual property, R&D outsourcing, external paths to market for internal projects, or other practices.
Conclusion
The analysis of our cases contributes several insights to our understanding of how open innovation happens in firms in an emerging economy:
1. It is important to consider that open and closed models of innovation share complementary spaces in organizations and may even be simultaneous (as mentioned by Leminen et al., 2015) .
2. Firms engage in relationships with other organizations in a variety of intensities and with different forms of interactions. The openness of the innovation process depends on the stage and activity of the flow of new product development. As seen in our cases, the early stages favour open innovation with a variety of partners more than stages nearer to commercialization. One of the reasons for this shift could be that uncertainty and risk are higher in the beginning of the process and, therefore, different knowledge sources are necessary to achieve innovation.
3. Openness also depends on the type of partner. It was found that openness is higher when firms establish partnerships for innovation with clients and universities.
4. Relationships for R&D could be both tacit and explicit (Nonaka et al., 2006) (Cillo, 2005) , which is a different role compared to the one found in our cases. The literature on innovation relates to the importance of gatekeepers and boundary spanners, but these internal mediators play a key role in helping firms to find the right partner with the right knowledge. In this sense, attention should be concentrated on the important role of internal agents linking internal departments to external sources of knowledge.
Although this research has focused on two chemical firms, it is possible to highlight some general recommendations for innovation managers based on our findings:
1. Open innovation should be part of the innovation strategy of the firm, as opposed to our cases, where relationships with external partners only occurred when the firm could not perform some R&D activity by itself. Inflows and outflows of knowledge and technology should be considered as regular activities in the innovation process. 
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Despite presenting valuable insights on the process of open innovation in firms in emerging economies, this study does have its limitations. First, the findings are based on a limited set of case studies from the chemical industry. Second, we looked at practices from the firms' point of view, not by collecting data from external partners, which may have limited our understanding of certain situations related to partnerships.
In conclusion, the process of innovation is slowly shifting from a closed to an open model in firms from emerging economies. Some characteristics of the innovation process are common to firms, regardless of whether they are in developed or emerging economies, such as the diversity of knowledge needed to innovate, the impossibility of complete control of the state of art, the increasing investment demanded by R&D activities, and the high risks involved. However, our findings show that some characteristics of the innovation process are particular to emerging countries, such as the lack of culture regarding the protection of intellectual property, which can limit some practices of open innovation. • The TIM Review is published in association with and receives partial funding from the TIM program.
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